Introduction: Dynamic hyperinflation (Dh) is one of the ventilatory mechanisms that may contribute towards limiting the activities of daily living (ADls) in patients with chronic obstructive pulmonary disease (CopD). the objectives of this study were to evaluate the presence of Dh, by means of inspiratory capacity (IC), IC / total lung capacity (tlC) ratio and by the sensation of dyspnea, following an ADl performed using the upper limbs. method: the participants were 32 individuals aged 54 to 87 years (69.4 ± 7.4) who presented moderate-to-severe CopD. the patients selected underwent pulmonary function tests, spirometry and whole-body plethysmography. For the spirometric and pulmonary volume maneuvers, a conventional system was used (vmax22 Autobox). the IC was determined using a vmax229d ventilatory measurement system. the patients were asked to lift up pots weighing between 0.5 and 5.0 kg over a five-minute period, picking up the pots from a surface at waist level and putting them onto a shelf above head height. All the patients were evaluated regarding IC and using the Borg scale for dyspnea. the data were analyzed using Student's t test for paired samples, pearson's correlation and the wilcoxon test (p< 0.05). Results: there were reductions in IC and IC/tlC (p= 0.0001) following the ADl. the dyspnea increased after the exercise (p< 0.05). Conclusion: the ADl using the upper limbs caused Dh, as shown by the reductions in IC and IC/tlC and also by the increase in dyspnea.
INtroductIoN
Chronic obstructive pulmonary Disease (CopD) is characterized by limited air flow and its most common symptom is dyspnea. Air flow limitation is caused by a combination of decrease in lung elastic recoil and increase in airway resistance. Dyspnea is the primary symptom of exercise limitation in patients at advanced stages of the disease and this often leads to limitation in activities resulting in peripheral muscle deconditioning 1 . the complex interaction between peripheral, ventilatory and cardiovascular muscle abnormalities explain the intolerance to physical exercise, even during simple, trivial activities of daily living (ADl) 2 . Dynamic lung hyperinflation or dynamic hyperinflation (Dh) is considered an important pulmonary-ventilatory mechanism that can contribute to the difficulty or inability to perform physical exercise. During physical exercise, with the increase in ventilatory demand in patients with air flow limitation, the progressive increase of air entrapment becomes inevitable and, consequently, so does Dh above already elevated values 2 . It is imperative to measure this hyperinflation in order to follow-up and constantly monitor these patients. however, conventional spirometric techniques, such as air flow measurements, do not always detect this hyperinflation. therefore, the inspiratory capacity (IC) maneuver has been used to monitor exercise-induced Dh [3] [4] [5] . Since total lung capacity (tlC) does not change with exercise in CopD patients, changes in IC reflect changes in functional residual capacity (FRC) 6 . A recent study used inspiratory fraction (IF), which is IC divided by tlC (IC/tlC), explaining that it better represents the fraction of available volume for inspiration than the isolated IC measure, because a reduction in IF better reflects the unhealthy combination of air entrapment and lung hyperinflation 7, 8 . Symptom-limited incremental tests on the treadmill and cycle ergometer are frequently used to determine hD in CopD patients 2, [9] [10] [11] [12] . unlike studies on exercises using lower limbs, reports on the hD control during ADl with upper limbs are scarce 13 . CopD patients often complain of difficulty performing ADl with upper limbs particularly when these limbs are raised and unsupported [14] [15] [16] [17] . It is a known fact that lung hyperinflation, present in most patients with moderate to acute CopD, greatly increases during physical exercise involving upper limbs due to changes in the breathing pattern, which has various sensorial and mechanic consequences for the respiratory system 18, 19 . According to tangri and wolf 20 , CopD patients display an irregular, superficial and rapid breathing pattern, followed by dyspnea during activities such as bathing, brushing their teeth, brushing their hair and tying their shoes. In the study by velloso et al. 21 , CopD patients that performed four ADl involving upper limbs showed an increase in the minute ventilation to maximum voluntary ventilation ratio (ve/mvv), justifying the intense dyspnea reported by these patients during the performance of simple daily activities.
In view of the scarcity of studies on the effects of ADl performed with upper limbs on lung volumes of CopD patients, it seems important to elucidate a ventilatory-pulmonary mechanism which results in functional limitation for these patients during their ADl. therefore, the objectives of this study were to verify the presence of Dh by analyzing IC and its IC/tlC ratio, as well as the feeling of dyspnea after ADl performed with the upper limbs.
mAterIALs ANd methods

Subjects
the present study was conducted in the lung function laboratory of hospital madre teresa (Belo horizonte-mg) where 32 CopD patients from the local community were assessed. they were recruited at a school clinic belonging to an academic institution. the sample had 22 patients, and the sample size calculation was based on a study by marin et al. 9 whose methodology was similar to that of the present study.
Inclusion criteria were patients with clinical and functional diagnosis of stage II to Iv CopD, according to criteria from the global Initiative for Chronic obstructive lung Disease 22 , with a Forced expiratory volume in first second to Forced vital Capacity ratio -Fev 1 /FvC < 70% and Fev 1 < 80%, with air entrapment (increase in residual volume-Rv and in Rv/tlC ratio >140% and >40% of predicted value respectively) and/or lung hyperinflation (tlC values>120% of predicted value) 23 in stable clinical conditions, with no lung infections in the four weeks preceding the tests, with a smoking history greater than 20 years per pack and with reported limitation during ADl with upper limbs due to breathing difficulty.
patients were excluded from the study if they displayed asthma, heart failure, peripheral vascular diseases, orthopedic limitations in the shoulder girdle and recent surgeries.
this study was approved by the ethics in Research Committee of universidade metodista de piracicaba, under registration Nº 75/05. only the patients who gave their consent participated, after receiving explanations on the objectives of the study, according to CNS (National health Council) Resolution 196/96.
Procedure
All selected patients were initially submitted to lung function tests, spirometry and full body plethysmography, according to recommendations by the American thoracic Society 24 . In order to evaluate lung function under optimum ventilatory conditions, patients performed the lung function tests after 20 minutes inhaling 400 mg of albuterol via a metered dose inhaler 7 . For spirometric and lung volume maneuvers, a conventional system was used (Vmax22 Autobox, Sensormedics Corporation, Yorba Linda, CA). Specific flow-volume curve software was used to measure FvC, Fev 1 and forced expiratory flows (FeF 25% and FeF 75% ) during the spirometric test. thoracic gas volumes were measured with the patient seated in the plesthysmography chamber with constant volume and variable pressure 25 . the predicted values were the same as in Knudson et al. 26 in order to accommodate patients over 80 years of age and Neder et al. 27 , respectively.
Intervention patients simulated the following ADl: lift pots weighing 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 kg, in a total of five minutes, with both arms extended, picking them up from a waist-high surface and positioning them on a shelf above head level 21 . the activity began by lifting the lightest pot and continued with the heavier pots, progressively, until the series was completed. the activity was repeated as many times as necessary during the total time frame of 5 minutes, and the number of completed activities was not taken into account. oxygen supply was given to three patients by nasal catheter in order to maintain Spo 2 above 90% (portable wrist oxymeter, Nonim ® ). Before beginning and finishing the ADl, patients were asked to perform IC spirometric maneuvers and the dyspnea was evaluated according to the Borg modified scale 28 .
Inspiratory capacity analysis
IC was determined using a calibrated pneumotachograph, with the patient inhaling while seated. patients breathed through a mouth piece with a nasal clip. each respiratory cycle was measured and collected using an automated metabolic and ventilatory measurement system Vmax229d Cardiopulmonary Exercise Testing Instrument (SensorMedics, Yorba Linda, CA) to analyze the IC variable. the equipment was calibrated before the beginning of data collection. IC analysis is based on the study of inspiratory and expiratory loops in the flow-volume curve. FRC limitation, after the patient performs basic inspirations, is of the utmost importance to the establishment of current volume, inspiratory reserve volume (IRv), IC, expiratory reserve volume (eRv) and FRC in the flowvolume curve. Dh is evidenced by the transfer of the inspiratory and expiratory loops to the left, reflecting the reduction in IC and the increase in FRC. Because tlC is not altered during exercise in CopD patients, the change in the abovementioned capacities confirmed the occurrence of Dh.
Firstly, the patient performed the vCF spirometric maneuvers, with one chosen maneuver, according to acceptability and reproducibility criteria (difference lower than 0.15l between the two larger values of Fev 1 and FvC) 24 . After four to six respiratory cycles, in the FRC level, patients were instructed to breathe in until tlC with the command "breathe in deep" and, at the end, return to basal breathing with the intention of establishing basal IC. the greater of the two reproducible IC maneuvers (≤10% or ≤150ml difference between the two) was selected for analysis before the beginning of ADl simulation 2 . After intervention, the patient was immediately asked to perform two IC maneuvers, following the same verbal command. the first maneuver was chosen for analysis because the end of the protocol was approaching.
Analysis of breathing difficulty
the modified Borg scale 28 was used to evaluate the effect of intervention on breathing discomfort, with a score of 0 representing the absence of respiratory fatigue and a score of 10 representing the greatest feeling of respiratory fatigue.
Functional dyspnea was evaluated with the use of the modified medical Research Council (mRC) scale 29 that includes five physical activity scenarios that cause dyspnea (0 -no dyspnea, except during strenuous exercise; 1 -dyspnea while running on a level surface or slight incline; 2 -due to dyspnea, you walk on level surface at a slower pace than others of the same age or have to stop to take a breath when walking on a level surface at your own pace; 3 -you stop to take a breath after walking about a 100 meters or after walking for a few minutes on level ground; 4 -dyspnea prevents you from leaving the house or it occurs while you dress or undress), with the intention of describing the sample.
Statistical analysis
the results were presented as mean ± standard deviations (mean ± SD). the variables showed a normal distribution except for the Borg 
resuLts
All 32 patients completed the protocol . table 1 shows all the patients' data in relation to gender, age, body mass index (BmI), the pack-year ratio and the lung function test. patients displayed Fev 1 between 22 and 64% of the predicted total with evidence of air entrapment (n= 32) and lung hyperinflation (n= 12). In the mRC scale, thirteen patients scored 4; fifteen scored 3 and four scored 2.
Both IC measures taken at rest before performing ADl displayed a strong correlation and significance (r= 0.90; p= 0.0000).
As can be seen from the results presented in table 2, there was a significant reduction in IC or dynamic lung hyperinflation after ADl, from 2.06 ± 0.60 before to 1.68 ± 0.59 after (p= 0.0001).
the results obtained from the inspiratory fraction (IC/tlC), presented in table 2, also reduced significantly with ADl, from 0.29 ± 0.07 before to 0.24 ± 0.07 after (p= 0.0001).
A strong correlation and significance was observed between IC and IC/tlC when they were analyzed before (r= 0.78; p= 0.0000) and after (r= 0.85; p= 0.0000) the exercise. Figure 1 shows that the patients displayed a significant increase in dyspnea assessed with the Borg scale after the ADl simulation (p= 0.00000).
dIscussIoN
Dh has been the object of scientific investigation because it is an important aggravating factor in CopD patients, causing dyspnea and limiting their ability of perform physical exercise 2, 13 and simple daily routine activities such as taking a shower, combing their hair and brushing their teeth 20 . yet the lack of studies that explore Dh during specific upper limb exercises motivated this investigation and, through the results, made it possible to confirm that physical exercise such as transferring pots with different weights from a lower shelf to a higher shelf, simulating daily living activities, caused moderate to serious Dh in CopD patients. In order to discuss the causes of the Dh seen after the performance of the ADl, it is very important to understand the ventilatory pattern during upper limb lifting. the difference between healthy subjects and CopD patients during exercises that involve lifting with the upper limbs is in the latter's difficulty optimizing ve due to the increase in tv (tidal volume) 30 . these patients increase the tv marginally during upper limb elevation because they already breathe at high lung volumes and, consequently, an additional volume increase results in disproportionate reduction in dynamic compliance, inspiratory muscle load increase and respiratory effort increase 6 . therefore, the only way CopD patients can increase mv while lifting upper limbs is to increase respiratory frequency (RF), because tlC does not change with exercise 6 . premature lack of expiration caused by rapid RF increases air entrapment even more and reduces IC 19 . given this evidence, it would be interesting to conduct studies on the creation of therapeutic strategies geared toward the prevention and reduction of Dh during ADl involving upper limb elevation, with non-invasive ventilation devices or pursed-lip breathing associated with ADl performance. the patient's basal IC was established after the performance of two maneuvers according to reproducibility criteria, and the highest basal IC value was selected for analysis 1 . when analyzing the Pearson correlation for these two basal IC values, we found evidence of a strong correlation. therefore, we recommend that future studies using the same methodology perform only one maneuver to establish basal IC, reducing patient exertion and collection time.
Dh was determined by IC reduction in absolute values and also by inspiratory fraction reduction after upper limb elevation. the supposed advantage of IC/ tlC analysis over isolated IC measurement may be related to the fact that patients can display an absolute value similar to IC, however with a great difference in available maximum volume for lung expansion. In this context, the combination of a low IC/tlC ratio and the increase in tlC (evidenced by FRC increase) is possibly more important than the IC reduction because patients must breathe near tlC, with negative consequences to the elastic work of breathing 8 . Albuquerque et al. 7 verified that the inspiratory fraction, measured at rest, after bronchial dilation, was a better predictor of low maximum exercise capacity in CopD patients than the isolated IC measure. this study did not aim to verify the best index (IC or IC/tlC) to predict CopD patient tolerance to exercise, but it was able to verify a strong correlation between these variables, which indicates that one or the other may be chosen to evaluate Dh occurrence during upper limb elevation exercises.
the central theme of this study arose from the evidence that CopD patients complain about dyspnea while performing tasks using their arms 20, 21 . this study did not aim to evaluate the feeling of dyspnea as an exercise tolerance factor, given the complexity of the protocol. however, the dyspnea assessed by the Borg scale was used to observe respiratory fatigue after lifting pots with different weights, simulating an ADl. the study confirmed that upper limb elevation exercise causes dyspnea. the physiopathological mechanism of dyspnea and the explanation for the relationship between dyspnea and Dh have not been completely clarified, although there are many studies that confirm this relationship 9, 12, 13 . Dyspnea during exercise can be explained by continuous afferent sensorial information (collected by specialized receptors located in the airways, lungs and rib cage) on the reduction of strength generation capacity of respiratory muscles to the higher cerebral centers. Functional weakness of respiratory muscles associated with increase in elastic and resistive work due to acute Dh increases afferent sensorial information to the central motor command in order to maintain efficient ventilation and generate strength for the inspiratory muscles. that causes an imbalance in the relationship between the perception of breathing effort and the anticipation of neurological center response. o'Donnell et al. 12 gave this efferent -afferent dissociation the title of neuroventilatory dissociation. this study's findings are compatible with those of velloso et al. 21 , which used the Borg scale to evaluate the feeling of dyspnea in CopD patients during certain ADl simulations, such as sweeping the floor, wiping a blackboard, lifting pots with various weights and changing light bulbs. Among these activities, the authors found a high Borg score for the activity that involved lifting pots with different weights.
In conclusion, ADl performed with upper limbs, such as lifting pots with different weights, caused an increase in dynamic lung hyperinflation and dyspnea, with inspiratory capacity and inspiratory ratio being sensitive variables in the assessment and detection of dynamic hyperinflation in CopD patients. 
